Abstract. The effect of a cloud layer on top-of-atmosphere (TOA) aerosol radiative forcing is examined by means of a one-dimensional vertical column simulation. To span the range between nonabsorbing and strongly absorbing particles, (NH4)2SO4 and soot aerosols are considered individually and in internal and external mixtures. For a cloud layer embedded within an aerosol layer it is shown that direct aerosol radiative forcing still occurs. For a nonabsorbing aerosol a maximum in (negative) forcing actually occurs for a thin cloud layer (100 m thickness for the set of parameters considered). The presence of an embedded cloud layer enhances the heating effect of soot aerosol, producing, for thick clouds, forcing values as much as a factor of 3 over those under cloud-free conditions. An absorbing aerosol layer can lead to an increase of in-cloud solar heating rates by up to 3% for the parameter values considered here. A cirrus cloud layer above an aerosol layer leads to only modest changes of TOA aerosol forcing from those in the absence of the cloud layer; thus aerosol forcing in the presence of typical cirrus clouds cannot be neglected.
800, 800-670, 670-540, 540-400, 400-280, and 280-0 cm-1). The model includes molecular Rayleigh scattering, gaseous absorption, and cloud effects; we have extended the model to include aerosol scattering and absorption. The model calculates total flux as the sum of direct solar and diffuse flux. The heating rate is calculated from the divergence of the net flux. To investigate the effect of aerosols and the interaction between aerosols and clouds, optical depth, single-scattering albedo, and asymmetry factor of the aerosols are calculated and combined with those of gases and cloud droplets in each wavelength range.
To enhance vertical resolution near the cloud layer, we have increased the number of vertical layers in the model from 70 to 98, giving a vertical resolution of about 100 m near the cloud layer. Pressure, temperature, ozone, and clear-sky water vapor mixing ratios are those from U.S. Standard Atmosphere (1976). For cloudy sky the standard atmospheric profile is used to obtain the saturation water vapor mixing ratio in cloud.
We take the solar constant to be 1376 W m -2 and the IR surface emissivity to be 1.0. The solar surface albedo is 0.2 in all calculations except in section 9 where we study the effect of surface albedo. Mixing ratios of CO 2, CH 4, and N20 are assumed to be uniform throughout the .troposphere at 356, 1.7, and 0.31 ppm, respectively. The code ELSIE [Sloane, 1984 [Sloane, , 1986 A uniform relative humidity of 50% is a reasonable approximation for the lowest 5 km of the U,S. Standard Atmosphere and is assumed to calculate the optical properties of the uniform aerosol layer. Since the relative humidity of deliquescence (RHD) of pure (NH4)2SO 4 is 80%, particles initially dry would remain dry at 50% RH. There is evidence, however, that atmospheric particles below their RHD frequently exist in the metastable state corresponding to the curve obtained by drying out an initially wet particle. In such a case, a detailed thermodynamic calculation predicts that the ratio of wet to dry particle diameters for pure (NH4)2SO 4 at 50% RH is 1.21 [Pilinis and Seinfeld, 1987 Consider first the behavior of the pure (NH4)2SO 4 forcing as cloud thickness increases from zero. The maximum in negative forcing can be explained as follows: A cloud layer of 100 m thickness transmits about 85% of the downward solar flux and scatters the incident radiation from its original path. Since the upscatter fraction for diffuse radiation is larger than the upscatter fraction for incident radiation with the Sun at zenith [Wiscombe and Grams, 1976] , the aerosols located below the cloud layer have larger negative forcing than they have in the absence of the thin cloud layer. For clouds thicker than this, the percentage of the solar beam transmitted through the cloud is smaller, so the contribution of the aerosols below the cloud to TOA forcing is decreased. Even when the particles contain a fraction of soot and are producing an overall heating effect, this balance betweencloud and below-cloud aerosol scattering still produces a cloud thickness at which heating is at a minimum, regardless of whether the particles are internally or externally mixed. It is apparent that the cloud thickness at which negative forcing is maximum or positive forcing is minimum depends on the solar zenith angle.
Since most of the soot aerosol resides above the cloud layer in our scenario, as cloud thickness increases, the soot aerosol above the cloud absorbs more radiation since the cloud is more effective at scattering increasing solar radiation back to space than either the aerosol layer alone or the Earth's surface. We note from 
Effect of Solar Zenith Angle
In examining the effect of solar zenith angle, we consider six cases: (1) particles absorb both incoming radiation and radiation reflected by high-albedo surfaces. The TOA forcing of (NH4)2SO 4 or soot in the presence of a stratus cloud layer is not very sensitive to surface albedo because of the shielding effect of the cloud.
Conclusions
We have examined the change in TOA radiative forcing of an aerosol layer as a result of the presence of a stratus cloud layer for pure (NH4)2SO 4 and soot aerosols and internal and external mixtures of the two species. We consider a relatively low-level (-1 km altitude) cloud layer embedded within a uniform aerosol layer extending up to 5 km altitude. The "zeroth-order" approximation that direct radiative aerosol forcing occurs only in cloud-free regions is shown to be correct only for nonabsorbing aerosols and only as cloud albedo approaches unity. For strongly absorbing particles such as soot the presence of a cloud layer embedded within the aerosol layer actually enhances the heating effect of such particles. That enhancement continues to increase as cloud thickness increases, eventually reaching more or less an asymptotic value that can be as much as 3 times cloud-free forcing. The presence of a typical cirrus cloud layer above an aerosol layer leads to only modest changes of forcing from those in the absence of the cloud layer. Thus aerosol forcing in the presence of cirrus clouds cannot be neglected.
We show that an absorbing aerosol layer in the presence of an embedded cloud layer can lead to in-cloud solar heating rates that are, for the particular set of parameters considered here, up to 3% of the aerosol-free, in-cloud solar heating rates.
